


















































































































































































































































































• Non-specified acceleration/deceleration 
speed profile  
  (n = 8 pilots) 
 
Not able to achieve 
accurate RTAs 
Slightly increased visual 
demand, as compared to 
baseline 
• Specified acceleration/deceleration 
profile (1kt/sec) 
• Speed-conformance bound (+/- 1.5 kts) 
   (n = 18 pilots) 
Good RTA performance • Increased workload and 
visual demand 
• 14/18 pilots rated “unsafe” 







“NASA 227, Taxi 
to RWY 17L via 
A, B, C at 14 kts” 
ATC 
Summary	HITL	sim	data	from:	Foyle, Hooey, Bakowski & Kunkle, 




• “Closed-loop” speed control to specific 
airport locations 
“3.5-DT” / 4DT Speed-based Flight Deck Display 
  Foyle, Hooey, Bakowski & Kunkle, Int’l Journal of Aviation 
Psychology, 2015 








profile (n = 8 pilots) 












bound (+/- 1.5 kts) 






• 14/18 pilots 
rated “unsafe” 
• “3.5-DT” Speed 








• Status-at-a-glance display to maximize ‘eyes-
out’ time  
• Enable strategic use – pilots do not need to 
track speed continuously (anywhere in 
pink band is ‘in conformance’) 
• Display expected position with tolerance 
and allow pilots to use expertise to control 











Full 4DT Location-based Flight Deck Display 
  Bakowski, Hooey, Foyle, & Wolter, 2015, AHFE 
  Bakowski, Hooey, & Foyle, 2017, DASC 
 
• “Closed-loop” speed control to specific 
airport locations 
“3.5-DT” / 4DT Speed-based Flight Deck Display 



















































TRACC: “Taxi Routes for Aircraft: Creation and Controlling” Surface Management 
System – Germany’s DLR 
• Creates conflict free routes/re-routes 
• Non-Conformance within 50 m (164 ft) of deviation from expected x, y position 
















TRACC: “Taxi Routes for Aircraft: Creation and Controlling” Surface Management 
System – Germany’s DLR 
• Creates conflict free routes/re-routes 
• Non-Conformance within 50 m (164 ft) of deviation from expected x, y position 













































Re-routing Pending Current route with Other Traffic HOLD 





















































Spot  18:28:30 Z 









































Flight Deck Pilot-in-the-Loop 4DT Studies 





–  Demonstrated the 
feasibility of the 4DT 
concept, from the pilot's 
perspective. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
4DT Display Comparison 
Study (2016) 
–  Compared 4DT display 
formats. 
–  More robust operating 
conditions than 2014 study. 
•  4DT speed updates 
•  Range of taxi speeds 
–  Several parameters based 
on the TRACC system.  
Bakowski, Hooey, Foyle, & Wolter 
Applied Human Factors and Ergonomics (AHFE 2015) 
Bakowski, Hooey, & Foyle 
Digital Avionics Systems Conference (DASC 2017) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Out-the-Window View 
• 4 LCD Displays 


















Airport and Terminal Area Simulator (ATAS) 
Human-Centered Systems Lab (HCSL) 
Clock 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 









Airport Moving Map (AMM) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 




(expected 4DT location) 
Allowable 4DT 
Tolerance 






(spot to runway) 













































+/- 15 sec 
Condition 4  
4DT  





+/- 30 sec 
 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
+/- 30 sec 
+/- 15 sec 
Flight Deck 4DT Proof-of-Concept Study (2014)  
Time-based allowable tolerance band (speed × time = distance) 
14 kts × +/- 30 sec 
4DT Straightaway 
Speed (kts --> ft per sec) 
Allowable Time Deviation 
+/- 216 m 
Distance (Length) of Allowable 
4DT Tolerance Band 
=
@ 14 kts 
+/- 216 m (+/- 709 ft) 
@ 14 kts 
+/- 108 m (+/- 354 ft) 







Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
•  Dallas/Fort Worth Airport (DFW) 
•  13 Captains 
•  Experimenter First Officer 
–  assisted with navigation, DataComm 
•  12 experimental trials 
–  4 experimental conditions  
–  3 speed/route combinations 
–  practice trials before each block 
–  2 4DT conditions always last 
•  Spot and Runway Departure 
Advisor (SARDA): 
–  surface management system 
–  ran in closed-loop mode 
–  triggered Pushback and Taxi 
–  queue-entry derived from ToT 

















Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 




4DT Acceleration  
/Deceleration 
Rate  
1 kt per sec 
 





held constant  
in each trial 
 
e.g., 14 kts 
4DT Turn Speed  
10 kts 










Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
Example 
Trial 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
“ATS227, 
Pushback and 
Taxi to Spot 47." 
Ownship 






Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 




Ownship Ramp Area 
Airport Movement 
Area (AMA) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 






4DT Clearance Information 
(cyan until 4DT Start Time) 
4DT Start 
Time 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
•  Pilot enters the 
AMA and 
begins to taxi. 
•  4DT Start Time: 30 sec after Taxi Clearance. 
•  Defined by the 4DT speed profile. 








Flight Deck 4DT Proof-of-Concept Study (2014)  
•  4DT Tolerance Band accelerates from 0 kts to 14 kts 
at 1 kt per sec. 
•  Pilot Instructions: 
•  In compliance with the 4DT clearance when the 
ownship icon is within the tolerance band. 




(moving and expanding) 
4DT Tolerance 
Band 
(moving and expanding) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  







Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
•  4DT speed in turns was 10 kts. 
•  Distance-based tolerance band. 
Decelerate 
14 kts à 10 kts 




10 kts à 14 kts 
@ 1 kt per sec 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 






•  End of 4DT taxi route at the queue-entry point.  
•  Upon reaching the queue entry, the tolerance band 
disappeared. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
RWY 17R 
•  Pilot enters the queue area at a safe speed and lines 
up behind any aircraft at the runway hold line. 
Queue 
Area 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  





















4DT +/- 30s 
4DT +/- 15s 
•  A verbal speed command, alone, may not support adequate 4DT 
conformance along the taxi route. 
•  Flight deck display required to aid pilots in conforming to the 4DT. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  





















4DT +/- 30s 
4DT +/- 15s 
•  A verbal speed command, alone, may not support adequate 4DT 
conformance along the taxi route. 
•  Flight deck display required to aid pilots in conforming to the 4DT. 









Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  





















4DT +/- 30s 
4DT +/- 15s 









•  A verbal speed command, alone, may not support adequate 4DT 
conformance along the taxi route. 
•  Flight deck display required to aid pilots in conforming to the 4DT. 






repres ntation of 
allowable 4DT 
deviation 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  





















4DT +/- 30s 














(No 4DT info  
on AMM) 
•  A verbal speed command, alone, may not support adequate 4DT 
conformance along the taxi route. 
•  Flight deck display required to aid pilots in conforming to the 4DT. 







Deviation Band Time-Based Band Distance-Based Band 
4DT Straightaway 
Speed 
Held constant  
within each trial  
4DT Speed Changes 
Mid-Taxi 
4DT Speeds 14, 15, or 16 kts Range of Realistic Taxi Speeds 8 kts – 25 kts 
Start of 4DT Taxi 
Route Ramp Spot Near the Terminal 
Airport Dallas/Fort Worth Airport (DFW)  
Charlotte Douglas 
Airport (KCLT) 
Flight Deck Pilot-in-the-Loop 4DT Studies 




















Condition 2  
4DT  
















Undefined Dot (no 
tolerance 
indicated) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
+/- 50 m 
(+/- 164 ft) 
Flight Deck 4DT Display Comparison Study (2016)  
Defined-Tolerance Display Format (Distance-Based Band) 
+/- 123 m 
(+/- 405 ft) 
•  Defined Tolerance Instructions:  
•  You are in compliance with the 4DT clearance when the ownship icon 
is within the tolerance band. 
•  No need to track the 4DT reference markers precisely. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 





Undefined-Tolerance Display Format 
•  4DT indicator: Light pink dot. 
•  Allowable tolerance was 
undefined.  
•  Undefined tolerance display 
format instructions:  
–  "You decide how “close is 
close enough” to taxi to the 
dot and you can taxi ahead 
of, or behind, the 4DT dot." 
•  Pilots defined conformance as 
they saw fit. 
•  No need to track the 4DT 
indicator (dot) precisely.  
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
RWY 
18L 4DT Acceleration  
/Deceleration 
Rate  
1 kt per sec 
 
 
Beginning of 4DT Taxi 
 
4DT Speed Changes 
 












Turn Speed = 14 
kts in the AMA 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 




2 or 5 per Trial 
4DT Speeds 
 
8 kts – 25 kts 
 




      Ramp      AMA 
 
Slow    10 kts      16 kts 
 
Fast     13 kts      22 kts 
RWY 
18L Queue-Entry 
Example Trial:  
•  5 4DT Speed 
Changes 














Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
•  Charlotte Douglas Airport (KCLT) 
•  12 Pilots  
•  Experimenter First Officer 
–  assisted with navigation, DataComm 
•  12 experimental trials 
–  3 4DT Display Formats:  
•  blocked and counterbalanced 
–  practice trial before each block 
•  Taxi Routing for Aircraft: Creation 
and Controlling (TRACC) (DLR) 
–  prototype surface management 
system 
–  parameters from simulation analysis 
–  two or five speed changes 
–  +/- 50 m (smaller tolerance band) 
Route 1 Route 2 
•  These four trials repeated in each of the 
three 4DT Display Format conditions. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
Example 
Trial 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 




Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 




at Concourse A 
Cleared-to-
Taxi Route 
(Ramp to Queue) 
4DT Clearance Information 
(cyan until 4DT Start Time) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
4DT Start 
Time 
•  At Target Off-Block Time (TOBT) 
Ownship  
at Concourse A 
Cleared-to-
Taxi Route 
(Ramp to Queue) 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 











Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 









Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 






•  4DT Start Time (defined by the 4DT speed profile). 
•  Auditory Chime and 4DT information turns magenta. 
•  Pilot begins to taxi. 
•  4DT tolerance 
band (or dot) 
accelerates 
from 0 kts to 11 
kts at 1 kt per 
sec. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 





•  4DT speed changes were accompanied by an 
auditory tone. 
•  AMM text display updated. 
•  First Officer: "Speed Change". 
Current 4DT 
Speed 
•  Two or five 
speed changes 




Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
•  End of 4DT taxi route at the queue-entry point.  







Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
•  Pilot enters the queue area at a safe speed and lines 




Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  









Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  


















Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  
Distance between the 
ownship and the 
expected 4DT location. 
Distance between the 
ownship and the 







Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  






Pilots spent more 
time taxiing closer to 
the expected 4DT 
location in this 
condition than in 
either the larger or 
undefined-tolerance 
conditions. 
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 

















Pilots spent more 
time taxiing closer to 
the expected 4DT 
location in this 
condition than in 




Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  














Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  




Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Proof-of-Concept Study (2014)  
•  Time of Arrival (TOA) variability at the queue-entry point (seconds). 
•  The TOA range was reduced by providing pilots a verbal speed in the Speed-Advisory 




















Expected TOA at 
the Queue 
entrance, 
according to the 
Speed Profile. 
300 s  
192 s 








Box and Whisker 
plots for the 
West1/15kts and 
West2/16kts routes 
followed a similar 







Joint Workshop for DLR – NASA ATM Research Collaboration August 22 – 24, 2017 
Flight Deck 4DT Display Comparison Study (2016)  






Pilots spent more 
time taxiing closer 
to the expected 
4DT location in 
this condition than 
in either the larger 
or undefined-
tolerance 
conditions. 
